1. Introduction {#sec1-pathogens-09-00645}
===============

Acute gastroenteritis (AGE), a preventable disease, still figures as a leading cause of death in young children and contributes significantly to childhood morbidity, especially in low-income countries \[[@B1-pathogens-09-00645],[@B2-pathogens-09-00645],[@B3-pathogens-09-00645]\]. Among the main viral agents associated with pediatric AGE, rotavirus A (RVA), norovirus and human adenovirus (HAdV) figure as the main etiological agents worldwide \[[@B3-pathogens-09-00645],[@B4-pathogens-09-00645],[@B5-pathogens-09-00645]\]. However, the etiology of a significant number of AGE cases (up to 40%) remains undermined, especially in developing countries \[[@B6-pathogens-09-00645],[@B7-pathogens-09-00645]\]. A diagnostic gap as large as a third of all AGE specimens has been estimated \[[@B8-pathogens-09-00645]\], suggesting that less common viral agents could play a role in causing the disease.

Human bocaviruses (HBoV), members of the *Parvoviridae* family and genus *Bocaparvovirus* were first described in 2005 in respiratory swabs from children with lower respiratory tract infections, and designated as HBoV-1 \[[@B9-pathogens-09-00645]\]. After its first discovery, three other HBoV related viruses (HBoV-2, 3 and 4) were identified in human stool samples from children with AGE illness \[[@B10-pathogens-09-00645],[@B11-pathogens-09-00645],[@B12-pathogens-09-00645]\]. However, as these genotypes are often co-detected with other gastroenteric viruses, it is still unclear whether the linking of these genotypes as causative agents of gastroenteritis \[[@B13-pathogens-09-00645],[@B14-pathogens-09-00645],[@B15-pathogens-09-00645],[@B16-pathogens-09-00645],[@B17-pathogens-09-00645]\].

HBoV are small (20 nm) non-enveloped viruses with a single-stranded DNA genome of approximately 5 kb nucleotides (nt) in length; its genome is organized into three open reading frames (ORFs). ORF1 encodes for the non-structural protein (NS1), ORF2 encodes for the two capsid proteins (VP1--2), and ORF3 encodes for the nucleoprotein (NP1) \[[@B9-pathogens-09-00645],[@B18-pathogens-09-00645],[@B19-pathogens-09-00645]\]. Currently, based on the genomic analysis of the two major structural proteins (VP1--2), HBoV is divided into four species or genotypes (HBoV-1 to 4) \[[@B12-pathogens-09-00645]\]. HBoV genotypes are globally distributed, and have been single or co-detected in AGE cases, with incidence varying from 0.5 to 25%, especially in children younger than two years old \[[@B10-pathogens-09-00645],[@B16-pathogens-09-00645],[@B19-pathogens-09-00645],[@B20-pathogens-09-00645],[@B21-pathogens-09-00645]\].

In Brazil, there is still a lack of data concerning the role of HBoV as causative agents of AGE, especially concerning the detection of HBoV and simultaneous investigations of multiple other enteric viruses, as well as HBoV shedding in stool specimens. Therefore, in the present study, we aimed to investigate HBoV among AGE cases from children in Brazil over a period of two years (2016--2017). In order to access the frequency of single or co-infection, HBoV and other major gastroenteric viruses, such as RVA, norovirus GI and GII, HAdV, sapovirus and astrovirus were also tested by RT-qPCR or qPCR assays. We also compared HBoV DNA shedding among single and co-infected samples, and determined HBoV molecular epidemiology during the period, by sequencing the partial VP1 gene of positive samples. Additionally, we investigated the correlation between HBoV fecal viral load and other features, such as age groups and HBoV genotypes.

2. Materials and Methods {#sec2-pathogens-09-00645}
========================

2.1. Stool Collection and Ethics Aspects {#sec2dot1-pathogens-09-00645}
----------------------------------------

This study included stool samples that were collected between January 2016 and December 2017, from children up to two years of age, with symptoms of AGE. For instance, AGE was characterized as ≥three liquid/semi liquid evacuations in a 24-h period. AGE stool samples were collected by sentinels' sites at States Central Laboratories, from ten Brazilian states and three regions (Southern, Southeastern, and Northeastern) and sent to the Laboratory of Comparative and Environmental Virology that houses the Regional Rotavirus Reference Laboratory (RRRL) at Oswaldo Cruz Institute.

The RRRL takes part in the ongoing national viral AGE surveillance program coordinated by General Coordination of Public Health Laboratories, Brazilian Ministry of Health covering diagnosis, surveillance and molecular epidemiology of circulating viruses. The surveillance is performed through a hierarchical network, in which samples are provided by medical request in hospitals and health centers, monitored by the Brazilian Unified Health System (SUS). Patients' data were maintained anonymously and securely. This study is approved by the Ethics Committee of the Oswaldo Cruz Foundation (FIOCRUZ), number CAAE: 94144918.3.0000.5248.

2.2. Nucleic Acid Extraction {#sec2dot2-pathogens-09-00645}
----------------------------

Viral nucleic acids (DNA and RNA viruses) were purified from 140 μL of clarified stool suspension (10% w/v) prepared with Tris-calcium buffer (pH = 7.2). Samples were subjected to an automatic nucleic acid extraction procedure using a QIAamp^®^ Viral RNA Mini kit (QIAGEN, Valencia, CA, USA), and a QIAcube^®^ automated system (QIAGEN, Valencia, CA, USA), according to the manufacturer's instructions, and eluted in 60 µL of AVE elution buffer. The isolated nucleic acid was immediately stored at −80 °C until the molecular analysis. In each extraction procedure, RNAse/DNAse-free water was used as negative control.

2.3. HBoV Detection and Quantification {#sec2dot3-pathogens-09-00645}
--------------------------------------

HBoV were detected and quantified by using a TaqMan^®^-based qPCR protocol, as previously described \[[@B22-pathogens-09-00645]\]. Five primers covering the untranslated region and the beginning of the NS1 of the HBoV genome was used with a 5′-FAM and 3′-MGB-labeled probe, designed from a fully conserved region among all HBoV genotypes. Moreover, qPCR reactions were performed with 5 µL of the extracted DNA, in a volume of 25 µL, using the Applied Biosystems^®^ 7500 Real-Time PCR System and TaqMan Universal Master Mix (Applied Biosystems, Foster City, CA, USA), with final concentrations of 0.6 µM and 0.3 µM of primers and probe, respectively.

To estimate HBoV viral load, a standard curve prepared by six 10-fold serial dilutions (10^6^--10^1^ genome copies (GC) per reaction) of a double-stranded DNA fragment (gBlock^®^ Gene Fragment, Integrated DNA Technologies, Coralville, IA, USA) containing the HBoV amplification region sequence was used in each qPCR reaction. All samples that crossed the threshold line showing a characteristic sigmoid curve with a cycle threshold (Ct) value \<40 were regarded as positive. All runs included negative and non-template controls (NTC), to ensure the correct interpretation of the results throughout the study. HBoV viral load was expressed as GC per gram (GC/g) of stool that also corresponds to GC per ml of starting stool material.

2.4. Molecular Characterization and Genotyping {#sec2dot4-pathogens-09-00645}
----------------------------------------------

Nested PCR reactions targeting the VP1/2 region were performed for HBoV sequencing. Primers AK-VP-F1/R1 and AK-VP-F2/R2 were used in the first and second round, respectively, generating a 576 base pairs (bp) amplicon, as previously described by Kapoor et al. \[[@B12-pathogens-09-00645]\] The amplicons obtained were purified using a QIAquick PCR Purification Kit (QIAGEN, Valencia, CA, USA), following the manufacturer's recommendations. Sequencing reactions were performed using both forward and reverse primers with the BigDye™ Terminator v. 3.1 Cycle Sequencing Kit (Applied Biosystems, Foster City, CA, USA). Subsequently, reactions were purified and sent to the FIOCRUZ Institutional Sequencing Platform (PDTIS), where they were run on an ABI Prism 3730*xl* genetic analyzer (Applied Biosystems).

2.5. Phylogenetic Analysis {#sec2dot5-pathogens-09-00645}
--------------------------

HBoV consensual sequences were obtained after nucleotide (nt) alignment and edition using Geneious prime (Biomatters Ltd., Auckland, New Zealand), and genotypes were confirmed in terms of closest homology sequence, using Basic Local Alignment Search Tool (BLAST). Phylogenetic trees were constructed using the maximum likelihood method (2000 bootstrap replications for branch support) in MEGA X v. 10.1.7 \[[@B23-pathogens-09-00645]\], with HBoV reference sequences obtained from the National Center for Biotechnology Information (NCBI) database. Nucleotide sequences obtained in this study were submitted to NCBI GenBank (accession numbers: MN648223 to MN648316 and MN652577 to MN652584).

2.6. Gastroenteric Viruses Detection and Quantification {#sec2dot6-pathogens-09-00645}
-------------------------------------------------------

In order to investigate viral co-infections, all HBoV-positive samples were tested for other major gastroenteric viruses---RVA, HAdV, norovirus GI and GII, sapovirus and astrovirus. For viral detection and quantification, TaqMan^®^-based qPCR reactions were used with primers and probes and the same reactions conditions as previously described \[[@B24-pathogens-09-00645],[@B25-pathogens-09-00645],[@B26-pathogens-09-00645],[@B27-pathogens-09-00645],[@B28-pathogens-09-00645]\]. Viral load was determined by using standard curves generated from ten-fold serially diluted gBlocks dsDNA fragments containing the target qPCR region for each virus. All the viral load data are present here as GC/g of stool sample.

2.7. Statistical Analysis {#sec2dot7-pathogens-09-00645}
-------------------------

Statistical analyses were performed using GraphPad Prism v. 8.4.1 (GraphPad Software, San Diego, CA, USA). Box-and-whisker plots were produced to illustrate differences between medians with interquartile ranges. Mann--Whitney U test was used for comparison of viral load values between HBoV single and co-infection, age groups, genotypes, and among dual co-infected samples. Chi-square and Fisher's exact tests were used for analyzing categorical characteristics in contingency tables. For all analyses, a *p*-value \< 0.05 was considered to be statistically significant.

3. Results {#sec3-pathogens-09-00645}
==========

3.1. HBoV Epidemiology {#sec3dot1-pathogens-09-00645}
----------------------

During the two-year period of this study (2016--2017), we analysed a total of 886 stool samples from symptomatic children aged ≤2 years. Overall, HBoV was detected in 110 samples (12.4%) by qPCR. Of these, HBoV was detected in 15.3% (73/478) and in 9.1% (37/408) of samples collected in 2016 and 2017, respectively. We detected HBoV year-round without a marked seasonality. However, higher HBoV circulation was observed between July and September ([Figure 1](#pathogens-09-00645-f001){ref-type="fig"}). Except for three months that HBoV was not detected, monthly detection rates varied from 5% to 29.6% in 2016, and from 1.5% to 27.3% in 2017 ([Figure 1](#pathogens-09-00645-f001){ref-type="fig"}).

In our study, HBoV was detected in 14.1% and 10.5% of samples from male and female, respectively, without statistical significance (*p* \> 0.05). [Table 1](#pathogens-09-00645-t001){ref-type="table"} shows the epidemiological features of HBoV-positive cases, co-infections and a detailed analysis of HBoV infections by age group, gender, genotypes and regions. In regard to age groups, we detected HBoV in 9%, 11.2% and 15.7% of samples, among children aged from 0 to ≤6, \>6 to ≤12 and \>12 to ≤24 months old, respectively. We found a statistically higher HBoV positivity in stool samples collected from children aged \>12 to ≤24 months old, compared to the other age groups (*p* = 0.043).

Concerning regional analysis, HBoV annual detection rates varying from 5.1% to 17.5% in South and Northeast regions, respectively ([Table 1](#pathogens-09-00645-t001){ref-type="table"}). We also compared HBoV detection rates between eight states from Northeastern and Southeastern Brazil, characterized as tropical climate, and two states from Southern (Santa Catarina e Rio Grande do Sul), characterized as subtropical climate pattern. A higher HBoV positivity was identified in states located in the tropical area (13.8%) compared to states located in the subtropical area (10.4%), however, no significant difference was observed comparing the detection rates between the two regions (*p* \> 0.05) ([Table 1](#pathogens-09-00645-t001){ref-type="table"}).

3.2. Viral Load and Co-Infections {#sec3dot2-pathogens-09-00645}
---------------------------------

In order to access HBoV single or co-infections, we investigated the presence of the major gastroenteric viruses among the HBoV-positive samples (n = 110). We found that in 20.9% of samples (n = 23), HBoV was detected as single infection, whilst 79.1% of samples (n = 87) were co-infected with one or more viral agent (RVA, HAdV, norovirus GI and GII, sapovirus and astrovirus) ([Table 1](#pathogens-09-00645-t001){ref-type="table"}). Among the co-infections, the majority (77%) was characterized as dual infections. Three or four viral pathogens were detected in 18.4% (n = 16) and 4.6% (n = 4) of samples, respectively.

Regarding DNA quantification, qPCR results demonstrated that HBoV viral load varied broadly among patients, ranging from 3.9 × 10^2^ to 1.2 × 10^9^ GC/g of stool samples, with a median of 6.7 × 10^3^ GC/g. No significant differences were observed between HBoV viral load and age groups ([Figure 2](#pathogens-09-00645-f002){ref-type="fig"}A) or among HBoV-1, 2 or 3 genotypes (*p* \> 0.05) ([Figure 2](#pathogens-09-00645-f002){ref-type="fig"}B).

Comparing HBoV viral load found in single and co-infections, values ranged from 4.4 × 10^2^ to 1.2 × 10^9^ GC/g and 3.9 × 10^2^ to 8.3 × 10^8^ GC/g, with median values of 6.5 × 10^3^ GC/g and 6.9 × 10^3^ GC/g, respectively (*p* \> 0.05) ([Figure 3](#pathogens-09-00645-f003){ref-type="fig"}). Among the co-infections, we also compared the viral load of HBoV with viral load found of other identified viruses. HBoV viral load values were significantly lower compared to norovirus, HAdV and RVA viral loads in dual infections of HBoV with one of those viruses (*p* \< 0.05) ([Figure 3](#pathogens-09-00645-f003){ref-type="fig"}).

3.3. Molecular Characterization {#sec3dot3-pathogens-09-00645}
-------------------------------

We successfully sequenced 92.7% of positive samples (102/110). By molecular characterization, we identified the circulation of HBoV-1, 2 and 3 during the study period. The phylogenetic tree of partial region of VP1 demonstrated that HBoV-1, 2 and 3 were characterized in 38% (n = 39), 40% (n = 41) and 22% (n = 22) of samples, respectively. From sequences obtained in 2016 and 2017, HBoV-1 was identified in 31.5% and 59.5%, HBoV-2 in 39.7% and 35.1% and HBoV-3 in 28.8% and 5.4%, respectively ([Figure 4](#pathogens-09-00645-f004){ref-type="fig"}).

Among HBoV-1, 2 and 3 strains detected, nt similarity varied from 98.9% to 100%, 94.1% to 100% and 97.1% to 100%, respectively. HBoV-1 sequences were genetically related (\>99% of nt identity) to previous strains detected in Brazil (KY882298, KX826925 and MF034122), as well as for HBoV-2 isolated sequences (MF034103 and KX826932) and HBoV-3 sequences (MF156864, MG953833 and KX826937). Four HBoV-2 sequences showed an amino acid insertion (Gln) at position 18 of VP2, in relation to the HBoV-2 prototype (FJ170278, nt position 3397--3399). These four samples were isolated from Northeastern Brazil, three from the same state, Pernambuco, and one from Maranhão state. Another four HBoV-2 sequences showed one amino acid deletion (Gly) at position 23 of VP2, in relation to the same HBoV-2 prototype (nt position 3405--3407). These four sequences were isolated from samples collected between August and September 2016 from Rio Grande do Sul state, Southern Brazil.

4. Discussion {#sec4-pathogens-09-00645}
=============

In the present study, we determined HBoV prevalence among children up to two years old in Brazil, as well as co-infections, fecal viral load and the characterization of circulating genotypes. Overall, HBoV was detected in 12.4% of 886 AGE stool samples between 2016 and 2017, and co-infections with one or multiple gastroenteric viruses were detected in the majority of the HBoV-positive samples.

Our results corroborate with data from few studies conducted in Brazil that have investigated HBoV in stool samples from AGE cases. Recently, two studies with hospitalized children presenting AGE symptoms from Northern Brazil reported HBoV detection rates of 24% \[[@B21-pathogens-09-00645]\] and 12.2% \[[@B29-pathogens-09-00645]\]. Albuquerque et al. \[[@B30-pathogens-09-00645]\] found HBoV in 2% of stool samples (n = 705) from inpatient and outpatient children with AGE symptoms. In that study, children were older (median age of 3.5 years) compared to our study (children \<2 years old), explaining the lower positivity rate, and in fact, the authors demonstrated that 78.6% of HBoV-positive samples were among children \<2 years old. A study conducted in Central-Western Brazil during 1994 and 2004 analyzed 762 AGE samples from children under five years and found HBoV in a positivity rate of 5.8% \[[@B31-pathogens-09-00645]\]. The highest detection rate of HBoV in Brazil (42%) was described by Campos et al. \[[@B32-pathogens-09-00645]\] in Northeastern Brazil, among 105 stool samples from children with AGE.

Other studies performed in Brazil have accessed HBoV DNA in stool samples from patients with underlying medical conditions, such as HIV infected and immunosuppressed transplanted patients, showing detection rates varying from 13% to 21.4% \[[@B33-pathogens-09-00645],[@B34-pathogens-09-00645],[@B35-pathogens-09-00645]\]. Worldwide, several studies have detected HBoV in hospitalized children and outpatients with AGE at rates between 3.5% and 19.3%, in countries such as China, Spain, Chile, Pakistan and South Africa \[[@B14-pathogens-09-00645],[@B36-pathogens-09-00645],[@B37-pathogens-09-00645],[@B38-pathogens-09-00645],[@B39-pathogens-09-00645],[@B40-pathogens-09-00645]\]. A recent study reviewing reports on HBoV detection in individuals with AGE in Africa between 2005 and 2016 found that HBoV prevalence was 13% \[[@B41-pathogens-09-00645]\], similar to HBoV-positivity found in our study.

Regarding age groups, we found significant higher detection of HBoV in children aged \>6 to 24 months old, compared to younger children up to 6 months. It has been described that HBoV most affected age group are children up to 24-months-old \[[@B17-pathogens-09-00645],[@B19-pathogens-09-00645],[@B37-pathogens-09-00645],[@B42-pathogens-09-00645]\]. A large study performed in South Africa between 2009 and 2015 with 3765 stool specimens collected from hospitalized children for AGE demonstrated that the majority (92%) of HBoV-positive cases were children \<2 years old \[[@B20-pathogens-09-00645]\]. Furthermore, the lower rates of HBoV infection among children aged \<6 months found in our study and reported elsewhere are likely due to early protection by the maternal antibodies \[[@B43-pathogens-09-00645],[@B44-pathogens-09-00645],[@B45-pathogens-09-00645]\], and also because usually after six-months-old, children are more exposed to viral infections within childcare centers.

In our study, HBoV was detected year-round without marked seasonality. However, we observed higher detection rates between July and September, corresponding to winter season (June 21st to September 22nd) in Brazil. Despite not being well-established, some studies have demonstrated higher detection rates of HBoV in winter \[[@B46-pathogens-09-00645],[@B47-pathogens-09-00645],[@B48-pathogens-09-00645],[@B49-pathogens-09-00645]\]. Our results also support findings widely reported related to the high percentage of co-infections among HBoV-positive samples, and here, we found co-infections in nearly 80% of these samples. This high percentage could be associated to multiple gastroenteric viruses tested in our study---RVA, HAdV, norovirus GI and GII, sapovirus and astrovirus. Previously in Brazil, Soares et al. \[[@B21-pathogens-09-00645]\] identified co-infections between HBoV and RVA in 50% of cases. In China, two studies described co-infections of HBoV with either RVA or norovirus in 64% of cases \[[@B37-pathogens-09-00645]\], and in 77.6% of cases co-infected with RVA, norovirus, astrovirus, or enteric HAdV \[[@B38-pathogens-09-00645]\]. Other studies demonstrated high percentages of co-infections, varying from 98% to 100% of the analyzed samples \[[@B14-pathogens-09-00645],[@B16-pathogens-09-00645]\]. More recently, Netshikweta et al. \[[@B20-pathogens-09-00645]\], screening for enteric viruses, bacteria and parasites, detected HBoV as a sole agent in just 0.9% among 1654 studied cases. Interestingly, the same pattern of high co-infection rates is observed in HBoV-positive samples from acute respiratory infections (ARI). During a 3-year study of HBoV in 1015 outpatients and inpatients with symptoms of ARI in Brazil, co-infections with at least one additional respiratory virus were detected in 72.9% (35/48) of HBoV-positive patients \[[@B50-pathogens-09-00645]\].

Evaluating HBoV DNA shedding, we detected a broad range of viral loads, varying from 3.9 × 10^2^ a 1.2 × 10^9^ GC/g of stool samples. Unexpectedly, the median viral load of HBoV in stool of children with or without coinfection were almost identical. Few studies have reported HBoV shedding in stool samples from AGE cases. Similar HBoV viral load ranges in stool from patients with AGE were described in China, varying from 1.7 × 10^2^ to 4.3 × 10^9^ GC/mL of stool \[[@B51-pathogens-09-00645]\] and Finland, from \<10^3^ to 10^9^ GC/mL \[[@B22-pathogens-09-00645]\]. In a case-control study from China, HBoV shedding varied from 1.5 × 10^1^ to 9.9 × 10^8^ and from 2.9 × 10^1^ to 4.5 × 10^2^ GC/mL of stool, among cases and controls, respectively, but no statistical difference was observed between the groups \[[@B52-pathogens-09-00645]\]. Similar findings were also reported by Cheng et al. \[[@B37-pathogens-09-00645]\] and Nawaz et al. \[[@B53-pathogens-09-00645]\] in case-controls studies, where no significant differences were identified in viral loads between the two groups.

To the best of our knowledge, this is the first study comparing the viral load of HBoV and other gastroenteric viruses in co-infected patients. Interestingly, we noted that for dual co-infections of HBoV with one of the classical diarrheic viruses (norovirus, HAdV or RVA), a statistically lower viral load of HBoV was found. The clinical significance of these differences is unclear, but as high viral load detection suggests active replication, it is likely that HBoV has a secondary or synergistic role in these co-infection cases. For ARI, quantitative HBoV DNA analysis is one of the recommended diagnostic approaches of primary infection, along with serology and mRNA detection \[[@B54-pathogens-09-00645]\]. Regarding HBoV in patients with ARI, Neske et al. \[[@B55-pathogens-09-00645]\] demonstrated that children shedding HBoV in stool samples had significantly higher HBoV load in nasopharyngeal aspirates (NPA), compared to children that tested HBoV-negative in stool samples. Another study found that rates of diarrhea were significantly higher in patients with very high HBoV viral loads in their NPAs \[[@B50-pathogens-09-00645]\]. It is worth mentioning that during the ongoing pandemic of respiratory disease caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), many studies have reported an incidence rate of diarrhea or viral shedding in stool, ranging from 2% to 59% of cases with high viral loads \[[@B56-pathogens-09-00645],[@B57-pathogens-09-00645],[@B58-pathogens-09-00645]\], along with the replication of SARS-CoV-2 in human gut enterocytes \[[@B59-pathogens-09-00645]\]. Similar to HBoV infection that causes ARI and AGE, and although the pathogenesis and transmission of both viruses are not entirely understood, the findings suggest active viral replication within both respiratory and gastrointestinal tracts.

Our study presents several limitations. We did not evaluate the presence of mRNA in stool samples, and we did not search for enteropathogens other than gastroenteric viruses, for instance, bacteria and parasites, that likely play a role in AGE clinical cases. An additional limitation is that, as our study only included symptomatic patients, it was not possible to evaluate HBoV viral load differences among cases and health controls. Further studies on these topics are warranted.

Concerning HBoV genotypes circulation in Brazil, we identified genotypes 1, 2 and 3 in AGE cases, without significant difference of viral load among them. Many studies have reported the association of HBoV-2, 3 and 4 with AGE symptoms, whilst HBoV-1 has been more associated with respiratory infections \[[@B13-pathogens-09-00645],[@B54-pathogens-09-00645],[@B60-pathogens-09-00645],[@B61-pathogens-09-00645]\]. In Southeastern Brazil, Santos et al. \[[@B62-pathogens-09-00645]\] firstly demonstrated the circulation of HBoV-2 (20.8%) and HBoV-3 (0.6%) in stool samples from patients with AGE. More recently, in Northern Brazil, two studies have reported the circulation of HBoV-1, 2 and 3 in stool samples from children hospitalized for AGE, and both found a predominance of genotype 1 (94.8% and 75%) \[[@B21-pathogens-09-00645],[@B29-pathogens-09-00645]\]. In line with our findings, studies performed elsewhere have predominantly detected genotypes 1--3 in AGE cases \[[@B13-pathogens-09-00645],[@B63-pathogens-09-00645],[@B64-pathogens-09-00645],[@B65-pathogens-09-00645]\], and HBoV-4 has been rarely detected, or detected in lower prevalence compared to other genotypes \[[@B12-pathogens-09-00645],[@B39-pathogens-09-00645],[@B52-pathogens-09-00645],[@B60-pathogens-09-00645],[@B63-pathogens-09-00645],[@B66-pathogens-09-00645]\]. In Thailand, Khamrin et al. \[[@B67-pathogens-09-00645]\] reported a higher detection of HBoV-1 (64.7%) in AGE samples, followed by HBoV-2 and 3, and just one sample was characterized as HBoV-4. Nevertheless, other studies have found HBoV-2 as the most frequently detected genotype in AGE cases, as described in China, Australia and South Korea \[[@B10-pathogens-09-00645],[@B52-pathogens-09-00645],[@B63-pathogens-09-00645]\]. HBoV-2 infection was demonstrated to be a risk factor of AGE in children \<5 years old \[[@B66-pathogens-09-00645]\], despite the fact that some studies have considered HBoV to be a bystander agent of diarrheic disease \[[@B15-pathogens-09-00645]\].

In conclusion, over a period of two years (2016--2017), we detected HBoV in 12.4% of AGE stool samples from children up to two years old from ten Brazilian states, which represents almost half of the country's population. No differences between HBoV DNA shedding and genotypes, age groups or single and co-infections were observed. We detected high rates of viral co-infections among HBoV-positive samples, and found a significant inverse correlation between norovirus, RVA or HAdV viral loads and HBoV DNA shedding in dual co-infections. Nevertheless, some HBoV single infected-patients were detected as shedding high viral loads (up to 10^9^ GC/g of stool) suggesting active replication. Future studies are warrant to determine the role of HBoV in causing acute diarrhea, especially when the classical gastroenteric viruses are not identified.
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![Human bocavirus (HBoV) viral load expressed as genome copies per gram of stool (GC/g) among different age groups (**A**) and genotypes (**B**) in Brazil. Box-and-whisker plots show the first and third quartiles (equivalent to the 5th and 95th percentiles), the median (the horizontal line in the box), and range of HBoV viral load concentrations.](pathogens-09-00645-g002){#pathogens-09-00645-f002}

![Human bocavirus (HBoV) viral load among single and co-infections, and analysis of enteric viruses' viral load among HBoV-positive co-infected samples. Box-and-whisker plots show the first and third quartiles (equivalent to the 5th and 95th percentiles), the median (the horizontal line in the box), and range of HBoV viral load concentrations, expressed as genome copies per gram of stool (GC/g). ns, not significant; \*\*\* *p* ≤ 0.001; \*\*\*\* *p* ≤ 0.0001.](pathogens-09-00645-g003){#pathogens-09-00645-f003}

![Phylogenetic analyses based on VP1 nucleotide (nt) sequences of circulating Brazilian human bocavirus (HBoV) strains. Reference strains, marked with a black filled diamond, were downloaded from GenBank and labelled with their accession number followed by country, year and register number. Strains obtained are shown as per LVCA followed by the internal register number, state, country and year of collection (i.e., LVCA28597/PE/BRA/2017), and the red filled circle represents sequences with a three-nt insertion. Neighbour-joining phylogenetic tree was constructed with MEGA X software and bootstrap tests (2000 replicates), based on the Kimura two-parameter model. Bootstrap values above 70% are given at branch nodes.](pathogens-09-00645-g004){#pathogens-09-00645-f004}
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###### 

Frequency of human bocavirus (HBoV) detection from diarrheic stool samples through laboratory-based surveillance according to single and co-infection, age group, gender, genotypes and by region in Brazil.

  HBoV Detection                                                  Positive/Tested (%)   
  ------------------------- ------------------------------------- --------------------- ---------------
  **Co-infections**         HBoV + norovirus                      26/110 (23.7)         
                            HBoV + HAdV                           20/110 (18.2)         
                            HBoV + RVA                            12/110 (11)           
                            HBoV + astrovirus                     5/110 (4.5)           
                            HBoV + sapovirus                      4/110 (3.6)           
                            HBoV + norovirus + HAdV               8/110 (7.3)           
                            HBoV + RVA + HAdV                     4/110 (3.6)           
                            HBoV + RVA + norovirus                3/110 (2.7)           
                            HBoV + norovirus+ sapovirus           1/110 (0.9)           
                            HBoV + RVA + norovirus+ HAdV          3/110 (2.7)           
                            HBoV + norovirus+ HAdV + astrovirus   1/110 (0.9)           
  **Age groups (months)**                                                               
  0 to ≤6                                                         19/212 (9)            
  \>6 to ≤12                                                      37/331 (11.2)         
  \>12 to ≤24                                                     54/343 (15.7) \*      
  **Gender**                                                                            
  Male                                                            69/488 (14.1)         
  Female                                                          41/391 (10.5)         
  **Genotypes**                                                                         
  HBoV-1                                                          39/102 (38)           
  HBoV-2                                                          41/102 (40)           
  HBoV-3                                                          22/102 (22)           
  **Regions**               **2016**                              **2017**              
  Northeast                 27/154 (17.5)                         23/180 (12.7)         50/334 (14.9)
  Southeast                 9/70 (12.8)                           4/31 (12.9)           13/101 (12.8)
  South                     37/254 (14.5)                         10/197 (5.1) \*       47/451 (10.4)

\* *p* \< 0.05, Chi-square and Fisher's exact tests.
